The Cosmic Blackbody Background Radiation pervades the entire Universe, and so falls into every astrophysical black hole. The blueshift of the infalling photons, measured by a static observer, is infinite at the event horizon. This raises a question whether a "firewall" of high energy density may form just outside the horizon or whether the effect can be attributed exclusively to a singular behavior of the static observer's frame at the horizon. In principle, the presence of such firewall may alter the motion of the infalling matter, influence the black hole evolution, or even invalidate the vacuum Einstein field equation solution as a realistic approximation for black holes. In this paper we show by means of analytic calculations that all these effects indeed exist, but their magnitude is typically negligibly small.
The Cosmic Blackbody Background Radiation pervades the entire Universe, and so falls into every astrophysical black hole. The blueshift of the infalling photons, measured by a static observer, is infinite at the event horizon. This raises a question whether a "firewall" of high energy density may form just outside the horizon or whether the effect can be attributed exclusively to a singular behavior of the static observer's frame at the horizon. In principle, the presence of such firewall may alter the motion of the infalling matter, influence the black hole evolution, or even invalidate the vacuum Einstein field equation solution as a realistic approximation for black holes. In this paper we show by means of analytic calculations that all these effects indeed exist, but their magnitude is typically negligibly small. 
I. INTRODUCTION
Considerable excitement has followed the suggestion of Almheiri et al. [1] that the quantum entanglement of Hawking's radiation may imply formation of a Planckdensity, Planck-scale firewall just outside the event horizon. The firewall would burn up any in-falling object before it enters the black hole. This was suggested as the "only" solution to a particular version of the black hole information paradox that arrises due to the entanglement of Hawking's radiation (for discussion see, e.g., [2] ). However, several authors have quickly realized that the information paradox (even in its quantum entanglement version) may be solved with no need of firewalls. In particular, Hawking [3] has resurrected and elaborated an old (but unpopular) idea that during the collapse apparent horizons instead of event horizons form, and noticed that the entanglement itself not necessarily implies a firewall. Finally, Abramowicz et al. [4] presented a proof that a Planck-density, Planck-scale firewall just outside the event horizon is excluded by Einstein's field equations for black holes with masses greater than the Planck mass
1 . An important ingredient of the firewall concept is the "infinite blueshift" at the black hole event horizon. Such infinite blueshift is measured by the "zero angular momentum observers" (ZAMO, who are static observers in the Schwarzschild spacetime).
The ZAMO observers are accelerated; they do not follow geodesic lines. They are mathematically conve- * maciek.wielgus@gmail.com 1 However, this proof was mostly ignored, and did not diminish the firewall research nient, as they naturally (but not uniquely) foliate the Schwarzschild and Kerr space-times, thus providing definitions of "space", "time" and "rest frame". In addition, in the case of static space-times (e.g. Schwarzschild), they embrace the Killing time symmetry, as their trajectories coincide with the trajectories of the time-like Killing vector. Thus they define a geometrically preferred rest frame. Further we refer to ZAMO simply as "static observer", since we limit these investigations to the static Schwarzschild spacetime. However, from the point of view of physics, the static observers should be considered as fictitious at the horizon -their acceleration is infinite there. Thus, in order to stay near the horizon, they must continually use engines providing very large thrust, the magnitude needed diverging as they approach the horizon.
Here we point out that the infinite blueshift in the static observer's frame occurs also at the event horizon of classical black holes in a far more familiar astrophysical context that the entanglement of Hawking radiation. The entire Universe is pervaded by Cosmic Blackbody Radiation (CBR), emitted from the Hot Big Bang era, currently with the temperature of 2.726 K. This temperature corresponds to the microwave part of the electromagnetic spectrum, hence CBR is often referred to as the cosmic microwave background. At the event horizon, CBR photons experience infinite blueshift in the static observer's frame. Consequently the energy density of the radiation as measured by such observers diverges as r → 2M . A classic firewall (shell of extremely energetic photons) is formed in the static observer's frame. What are the astrophysical consequences of this? In particular, what do freely in-falling objects experience as they cross this firewall? Is there any back-reaction effect on the black hole itself due to this hypothetical firewall of infinitely blue-shifted CBR in-falling radiation? And if such effects are negligible for the stellar-mass black hole in the present Universe, could they be significant for the supermassive black holes in the early Universe, when the CBR was much hotter?
In this paper, we investigate several aspects of the interplay between the Schwarzschild black hole and the CBR. We first perform analytic calculations of the CBR stress-energy tensor at arbitrary distance from the event horizon of the non-rotating black hole (Section II), showing it does indeed diverge in the static observer's frame as r → 2M . We then investigate the influence of the CBR on the dynamics of material particles in the black hole vicinity as they fall in, characterizing the classic firewall and the energy that it can deposit on an infalling material object (Section III). We discuss the backreaction of the radiation stress-energy tensor on the metric (Section IV), showing how it is negligible on small timescales. Additionally, we calculate the total rate of mass increase due to the in-falling radiation and find the non-stationary Vaidya spacetime that partly accounts for the stress-energy tensor of the CBR field. We summarize our conclusions in Section VI: a non-scalar singularity is experienced by static observers in the limit of the horizon, but physical observers are unable to move on such orbits arbitrarily close to the horizon. This classical firewall exists in principle but has no significant effect on freely infalling observers or on the evolution of the black hole.
II. CBR STRESS-ENERGY TENSOR
Let us consider a sphere of radius r 0 ≫ 2M in a Schwarzschild spacetime that emits radiation isotropically in its rest frame. We will now compute the stress-energy tensor T µν of such a radiation field at any point outside of the event horizon. This is a very symmetric problem, closely resembling one considered by Abramowicz et al. [5] , i.e., uniformly radiating static spherical object in the Schwarzschild spacetime. While some results can be deduced based on the findings of [5] , we choose a systematic self-contained approach to our calculations, performing them from first principles.
The Schwarzschild metric is given by
where the signature is (−, +, +, +),
and G = c = 1. The Schwarzschild basis is (∂ t , ∂ r , ∂ θ , ∂ ϕ ) where ∂ t and ∂ ϕ are Killing vectors associated with temporal and azimuthal symmetries. The orthonormal basis of the static observer is (u S , e r , e θ , e ϕ ) where
is the static observer's four-velocity.
A. Intensity
Due to spacetime symmetries, the following quantities are conserved along a null geodesic with tangent fourvector u:
The motion of photons in Schwarzschild spacetime is planar because of the spherical symmetry. Assuming without loss of generality u θ = 0 and θ = π/2, the equation of motion reads
where λ is an affine parameter, l = L/E is the rescaled angular momentum and
The potential U (r) reaches a maximum U M = 1/27 at r = 3M . Let us consider a photon at some radius r 0 > 3M with dr/dλ < 0. It can have any value of l provided l −2 ≥ U (r 0 ), thus l ∈ [0, 1/ U (r 0 )]. The character of the photon's trajectory depends on the value of l, i. e.,
• if l −2 > U M then the photon will fall into the black hole;
• if l −2 = U M then the photon can circularize at r = 3M , but the equilibrium is unstable and any perturbation will send it either to infinity or into the black hole;
• if l −2 < U M , the photon will go to smaller radii until it reaches a radius r m defined by U (r m ) = l −2 . At r m , dr/dλ = 0. As it cannot go to smaller r (it hits the potential barrier) it will return to bigger radii and escape to infinity with dr/dλ > 0.
The bolometric intensity I(r) transported along a null geodesic and measured by a static observer satisfies
where u is the photon trajectory tangent vector. Thus the intensity measured by an observer at coordinate radius r, coming from any direction, is 8) where I ∞ is the intensity emitted on the sphere at infinity, and as thermal radiation obeys Stefan-Boltzmann law
where σ denotes Stefan-Boltzmann constant. The cosmic background radiation temperature is presently equal to T CBR = 2.726 K, but was as large as 3000 K at the moment of its emission, which corresponds to an intensity change of 12 orders of magnitude. The current intensity of the CBR is
The expression given in Eq. (2.8) is valid no matter whether the photon went "straight" to the observer, or orbited many times around the black hole. This is because the blueshift of the infalling radiation depends only on the potential difference between the point of emission and the point of observation. The observer location and photon direction seen at this location are uniquely related to the emission location and direction on the "infinite CBR sphere" (they are connected by a unique null geodesic). As the "infinite CBR sphere" is radiating homogeneously and isotropically with intensity I ∞ , the observer's sky is also uniformly bright, with the value of the intensity given by Eq. (2.8), except for a dark circle due to the presence of the black hole (no photons arrive from those directions). One needs to relate the angular size of the dark sky region to the static observer's coordinate radius r.
B. Dark sky region
Let us label a photon reaching the observer by the angle a ∈ [0, π] between the e r vector (pointing outwards) and the incoming photon tangent vector (this is the same notation as in [5] , Fig. 3 ). This angle is defined so that a = 0 means a photon moving radially away from the black hole, and a = π a photon falling radially towards the black hole. Thus a = π is the observer's zenith. Clearly, there will be some angle a 0 (r) such that the sky will be uniformly bright for a ∈ [a 0 , π] and dark otherwise. Thus 2a 0 (r) is the perceived angular diameter of the black hole on the observer's local sky. Our goal is now to derive a 0 (r).
Let us consider a photon reaching the observer with angle a and with some angular momentum l. Let us consider the four-vector p equal to the projection of the photon tangential four-vector u orthogonal to the static observer four-velocity. It is easy to show that
where the ± sign is given by the sign of dr/dλ at r. If r ≥ 3M , photons coming to the observer with dr/dλ < 0 come from infinity and correspond to bright regions of the sky. Thus all a ∈ [π/2, π] are bright. Photons with dr/dλ > 0 can reach the observer provided they satisfy l −2 < U M . Thus the limiting a 0 value is given by
(2.14) If r < 3M , no photons can reach the observer with dr/dλ > 0, thus all a ∈ [0, π/2] are dark. Photons with dr/dλ < 0 can reach the observer provided they satisfy l −2 > U M . Thus the limiting a 0 value is given by
(2.15) For both cases, the sky is bright for
Let us quickly investigate extreme cases. If r = ∞ then the sky is totally bright except in the direction a = 0. For r = 3M , the sky is bright for a ∈ [π/2, π], thus halfbright. For r = 2M , sky is only bright in the direction a = π (local zenith) and dark for all other directions, see Fig. 1 .
C. Explicit tensor components
Knowing the specific intensity at every radius r > 2M , we can calculate the stress-energy tensor components in the static observer's frame, by integrating the intensity over the observer's local sky. Hereafter we denote a static observer's tetrad components with indices in brackets. We have where n is a unit spacelike vector obeying
and dΩ is the solid angle element. Noting there is only a contribution from the bright region of the sky, where the intensity does not depend on the direction, one finds all non-zero components of T (µ)(ν) by elementary integration (cf. Abramowicz et al. 5, Eqs. 3.31-3.36),
Based on Eqs. (2.14)-(2.15) explicit formula for a 0 (r) can be given
23) It is easy to check that the trace of the T (µ)(ν) tensor is zero,
as is expected from the radiation field stress-energy tensor. One can also see that the form of the flux component in Eq. (2.20) corresponds simply to ∇ µ (T µν η ν ) = 0 (which follows because η ν is the time-symmetry Killing vector).
The behavior of the T (µ)(ν) tensor in the close vicinity of the horizon is of particular interest to us. The asymptotic behavior of the components as r → 2M can be found by utilizing Eqs. (2.19)-(2.22), evaluating the following quantities in the limit of r → 2M :
Hence T (t)(t) , T (t)(r) and T (r)(r) are divergent at the horizon. Note that the asymptotic relation between the tensor components at the horizon corresponds to a point-source stress-energy tensor, for which
Since the bright sky viewing angle (π − a 0 ) goes to zero at the horizon, this should not be surprising. The radial dependence of the T 
ponents T µν can be calculated with a simple coordinate substitution.
In summary, two opposite effects are present as we approach the event horizon. On the one hand the bolometric intensity diverges with g −2 tt . On the other hand, the viewing angle of the bright sky region approaches zero. We found that the intensity divergence effect dominates and that photon density T (t)(t) , photon flux T (t) (r) and pressure component T (r)(r) diverge in the static observer's orthonormal frame as r approaches 2M . While the single photon infinite blueshift is a well recognized black hole feature, our calculations indicate the existence of a radiation field that is divergent in terms of its energy density.
D. Stress-energy tensor in Eddington-Finkelstein coordinates
The line element of the Schwarzschild spacetime in Eddington-Finkelstein coordinates takes the following form
29) with advanced null coordinate
Unlike Schwarzschild coordinates, Eddington-Finkelstein coordinates penetrate the black hole horizon and therefore are not prone to the coordinate singularity effects at r = 2M . The CBR stress-energy tensor components can be found explicitly,
31)
32)
Other components of the T µν tensor are identical to their counterparts in the Schwarzschild coordinates. Since the quantity in square brackets is finite at the horizon,
the CBR stress-energy tensor is finite in the EddingtonFinkelstein coordinates.
At this point we may definitely conclude, that the diverging energy density implied by the Eqs. (2.19)-(2.21) is an effect of the Schwarzschild coordinate singularity at r = 2M where the timelike Killing vector ∂ t , which determines the four-velocity of the static observers, becomes asymptotically null.
The remaining problem is to evaluate the magnitude of the CBR-related effects in the vicinity of the horizon. Since black holes do attract CBR photons and influence their trajectories, some growth of the energy density in the vicinity of the horizon should be expected even for observers more physically meaningful than the static one.
III. RADIATION INFLUENCE ON THE OBSERVERS
While the infinite value of the radiation energy density at the horizon is attributed to the coordinate singularity, the Schwarzschild coordinates are non-singular for r = 2M + ǫ for every ǫ > 0. Hence the energy density measured by a static observer is arbitrarily large for adequately small values of ǫ. Such an observer would most certainly be burnt upon an attempt to remain at rest at a very small distance ǫ above the horizon. In this section we investigate, whether the CBR could influence observers in some more realistic astrophysical context.
Having calculated the static observer's orthonormal tetrad photon density T (t)(t) , we may ask about the component T (t ′ )(t ′ ) in other local orthonormal frames. In new coordinates corresponding to radial motion, the radiation tensor is expressed as
where Λ is a Lorentzian boost matrix in the radial direction, parametrized with velocity v. After some algebra one finds that
2) which becomes
close to the horizon. The last formula is particularly significant, since it shows that for any −1 < v ≤ 1 the singularity of energy density remains and may disappear only for v = −1, corresponding to infalling with the speed of light (c = 1). However, for a particle in a geodesic motion, v = −1 is exactly the limit of the velocity as the particle approches r = 2M .
B. Energy density for non-static geodesic observers
From Eq. (3.3) we see that the neccessary condition for the energy density measured by the observer to remain finite at the horizon is that observer's velocity goes to the speed of light at the horizon relative to static observers. Considering a freely-falling observer following a geodesic trajectory, we know this to be true. We now check whether the free fall assumption is also a sufficient condition for finite energy density.
Radial free fall
The four-velocity of an observer in a radial free-fall motion is
We evaluate the energy density as
The following formula can be derived:
6) where b 0 = cos a 0 . In the limit of r → 2M this results in a "[0/0]" type of indeterminacy, which can be evaluated to give the finite value
which is only about 10 times more than the CBR energy density measured at infinity by the static observer. This is of course very small at the present time, but not so small in the early Universe soon after decoupling of matter and radiation.
Circular geodesic
Similarly, we can evaluate the energy density as measured by an observer executing a circular geodesic orbit, i.e. moving with four-velocity
The corresponding energy density
diverges at r → 3M . In Fig. 3 the radial dependence of the energy density for static, free-falling and circular geodesic observers are compared. The divergence of the energy density for the circularly moving observers at r = 3M is rather dramatic. Does this mean a spacetime singularity will occur there because of the infalling CBR radiation?
There is an apparent singularity in the four-velocity there, Eq. (3.8), and this is the root of the problem. It occurs because no circular timelike geodesic orbits (stable or unstable) are allowed in Schwarzschild spacetime at or below the photon orbit r = 3M . No massive particle can execute circular geodesic orbit at r = 3M -this demands that the particle moves with the speed of light. Indeed a circle at r = 3M is a null geodesic line, a Actually, coordinate singularity is not needed to experience a divergent energy density of the CBR. Considering the situation far from the black hole, a 0 = 0 in Eq. (3.2), then for |v| → 1 we also have an infinite value of T (t ′ )(t ′ ) . Such an observer would indeed experience an unbounded energy density, but this divergence is really because of the extreme velocity and not because of the spacetime curvature. The situation is similar for the circular motion and the r = 3M limit -the infinity is more because of the extreme velocity than because of spacetime curvature effects. So the spacetime is not singular at r = 3M , despite what Fig. 3 seems to suggest. We discuss these implications further in Section V.
C. Radiation flux and saturation velocity
In reality, the test particle would not follow a geodesic trajectory exactly. Instead, its motion would be influenced by the radiation field, the energy of which diverges, at least in the static observer's frame. It takes infinite force pointing outwards to prevent the particle from crossing the horizon with the velocity of light, yet this may be the case for the considered radiation field. Being singular at r = 2M , it may result in an asymptotically infinite force.
Following Abramowicz & Sharp [6] , for purely radial motion, we find the expression for the radial radiation flux
where h ρ µ is the projection tensor and the velocity of the particle is parametrized as
Equation (3.10) can be decomposed into two parts: radiation pressure, proportional to T (t)(r) , and radial drag, proportional to T (t)(t) + T (r)(r) . The latter disappears for a static observer (β = 0), and always acts against the motion. In the considered context, for an infalling particle radiation pressure acts by accelerating the particle, yet the drag has a decelerating effect. As discussed by [5] , there is a velocity β F 0 for which radiation pressure balances drag, i.e. effective radiation four-force equals zero:
The radial dependence of the β F 0 is plotted with a thick continuous line in Fig. 4 . If the particle moves towards the black hole faster than β F 0 , the effective radiation four-force, dominated by the drag component, acts against the motion. An interesting quantity is the saturation velocity β s , for which radial radiation drag is not only strong enough to dominate the radiation pressure term, but also balances the effective gravity. Thus, it is the radial velocity for which the particle does not instantaneously accelerate (strictly, dβ/dr = 0 is implied for β s = 0, see [5] ). Obviously |β s | ≥ |β F 0 |. While it can be conceptually counter intuitive, radiation coming from behind will be slowing down the particle for sufficiently large β, 1 > |β| > |β s |. Exact values of β s can be calculated from the algebraic equation
where F r (r, β) is given in Eq. (3.10), m p is the test particle (proton) mass, and σ T is Thomson cross section (we only account for the Thomson scattering process). We evaluated the saturation velocity for a black hole of 10 10 solar masses and CMB temperature equal to 10 3 T 0 , T 0 = 2.726 K. In Fig. 4 it is shown as the dashed line closest to the β F 0 plot. Other subsequent dashed lines represent the factor M T 4 diminished by 2, 4 and 6 orders of magnitude. The particular thing to notice is that at the horizon both β F 0 and β s go to β = −1. If we put the limits of T (µ)(ν) at r → 2M into Eq. (3.10), which we can do if the limit of F r is unique, we find Equation (3.14) indicates, that the radiation flux is either zero (possible for β = −1) or negative, i.e., directed in the black hole direction -radiation pressure wins over the radiation drag force. This means that the radiation drag influence cannot prevent the test particle from crossing the horizon with a velocity of light, it can only add acceleration in the direction of motion. Hence, close to the horizon, the energy density measured by the observer in free fall overestimates the energy density measured by the observer whose trajectory is influenced by the radiation field.
D. Equations of motion
Consider the test-particle equation of motion under the radiation four-force f µ influence in a Schwarzschild spacetime, [see 5, 7] . The motion is governed simply by
where u µ is the particle's four-velocity and a µ is the fouracceleration. This can be rewritten as
where r G = GM/c 2 , Γ µ νρ are Christoffel's symbols and F µ is the radiation flux and dτ = ds/r G is a dimensionless line element. The flux is related to the radiation stress-energy tensor T νρ according to
where h µ ν is the projection tensor orthogonal to the particle's four-velocity. We introduce the dimensionless quantity 18) to find 19) suggests little impact of the CBR on the particle dynamics in the black hole vicinity. This was confirmed with numerical calculations of test particles trajectories using the codes described in [7, 8] .
E. Far away from the black hole Fig. 4 shows that radiation drag dominates far away from the black hole. At large distance from the black hole, i.e., M/r → 0 and a 0 → 0, we find the nonzero T (µ)(ν) components
The flux is zero, as the radiation is isotropic. A moving particle experiences a radiation drag force that can be represented as
Without loss of generality we assumed here a radial motion in our spherical coordinates system. Equation (3.11) simplifies to β = u r /cu t . The drag force f r always acts against the direction of motion and is proportional to the velocity β, therefore it constitutes a motion damping effect forcing the particles to remain at rest with respect to the CMB frame. Under the influence of the constant force, a particle will only accelerate until the saturation velocity β s is reached, for which accelerating force is balanced by the drag force. In cgs units this means that protons moving with velocity β experience a drag force of
While this force may be negligible today, shortly after the recombination it was of order of 1 dyn per 1 mole of hydrogen gas and could have significant impact on the gas dynamics.
F. Influence on the infalling observer
At this point we are able to estimate the amount of energy deposited on the observer plunging into the black hole by the CBR field. We take two strong assumptions to get a rather crude overestimation. First, we assume free fall motion of the observer (see Subsection III C). Second, we assume that the observer absorbs all of the measured CBR energy density, which is a good approximation only very close to the horizon, where the CBR is hotter than the observer. Hence, we simply integrate the energy density along the observer trajectory,
where constant χ combines specific heat and surface area of the infalling object. Assuming free fall motion we have
(3.28) The energy density ρ F F (r) is given by the Eq. (3.6) and plotted in Fig. 3 . We are only interested in the region close to horizon, i.e., r 0 > 2M but r 0 ≈ 2M . This integral is clearly finite. It is also small -the infalling observer will not be burnt by the CBR energy, unlike the static observer in the horizon vicinity.
IV. BACK-REACTION ON SPACETIME GEOMETRY
So far we assumed that the radiation may influence observers, but its energy is sufficiently small that one may neglect its back-reaction effect on the metric. Hence, we were using the Schwarzschild spacetime, being a vacuum solution to the Einstein field equation. However, the Ricci tensor components do not equal zero exactly, because of the radiation field. The Ricci scalar remains zero, see Eq. (2.24). From the Einstein field equations with Ricci scalar set to zero, we have
To estimate the Ricci curvature, we calculate the following scalar R:
where κ = 8π and W (b) is a polynomial
The W (b) polynomial has a zero of multiplicity 4 for b = −1, which corresponds to the location of the horizon, a 0 = π. Then one finds
(4.4) and the factor in square brackets at the horizon limit is evaluated in the Eq. (2.34). Overall we find that R at the horizon of the Schwarzschild black hole is finite and obeys
5) so it does not depend on the black hole mass.
We may evaluate the importance of the radiation to the underlying spacetime geometry by comparing the magnitudes of the Ricci and Weyl tensor components of the Riemann tensor. Because the Schwarzschild solution is a vacuum solution, the Kretschmann scalar K := R abcd R abcd simply measures the magnitude of the Weyl tensor. It has the value The ratio between these two quantities (Eq. 4.4, Eq. 4.6) indicates whether Ricci component of the Riemann tensor can be neglected in comparison to the Weyl component and therefore whether utilizing vacuum solution to the Einstein field equations is appropriate
Hence, on the basis of this linear (since T µν is evaluated assuming Schwarzschild geometry) calculation, under no realistic astrophysical circumstances may the energy of the CBR radiation be large enough to have a dominant influence on the Riemann tensor. On the contrary, even for supermassive black hole in the Universe filled with CBR as hot as 3000 K, the Weyl tensor dominates by at least 30 orders of magnitude. This justifies neglecting the CBR stress-energy tensor and describing astrophysical black holes by vacuum Einstein field equation solutions. On the other hand, Eq. (4.8) shows what temperature of the thermal radiation is necessary to invalidate this assumption. This could be relevant for some much more energetic astrophysical processes. Also this does not take into account the non-linearities of general relativity theory; this issues is discussed further in Section VI.
A. Feeding black hole with CBR
The infalling radiation will increase the mass (or energy, using units where c = G = 1) of the central object. We now calculate this effect. Following Eq. (4.23) from [9] for the null hypersurface r 0 = 2M we find
(4.9) For a distant static observer, for whom dv = dt, we may cast Eq. (4.9) in the form of a mass increase rate due to the CBR absorption
This exact result is more than one would get from a simple estimation (ignoring black hole influence on radiation field),
by a factor of 6.75π ≈ 20. The difference will quantitatively influence black hole evolution models, such as the one given in [10] . We can use Eq. 
B. The Vaidya solution with CBR
When the evolution of the black hole on cosmological timescales is considered, the non-stationary character of the metric indicated by Eq. (4.12) must be taken into account. One can represent the effect of the infalling radiation on the spacetime metric by an approximation based on the Vaidya solution to the Einstein field equation [11] . Although the Vaidya solution only accounts for the photon radial motion, neglecting their angular momentum (hence it ignores T θθ and T φφ components), it takes the back-reaction of such an approximated radiation field into account exactly.
The line element of the Vaidya ingoing radiation metric is given by 
(4.14)
For the Vaidya metric to take proper account of the presence of the radiation tensor component T vv , one needs to fulfill So is there a spacetime singularity? This is a surprisingly tricky question. Arguably a singularity has the potential to arise when non-linear backreaction effects are taken into account, but this may not occur in astrophysical reality.
The Einstein equation (4.1) shows that in the static observer's orthonormal tetrad frame,
Some of the right hand terms diverge at r = 2M , by Eqs. (2.19)-(2.20), so the left hand sides diverge also. This strongly suggest that a space-time singularity occurs in this frame when feedback effects are taken into account. This is also true in any other orthonormal frame where |v| = 1 in the limit r → 2M (see Eq. (3.3)). However it is, in terms of the classification of singularities [14] , a non-scalar singularity because the trace R vanishes (see Eq. 2.24) and the scalar R ab R ab is finite, see Eq. (4.5). That is why the curvature can be finite in the radially freely falling frame, as shown above.
In fact it is an intermediate singularity [14] , that is one that is finite in some orthonormal frames but not in others. This is similar to what happens in some tilted homogeneous cosmologies, [15, 16] , except that here the situation is reversed: in those cases the Ricci tensor diverges in a parallel transported orthonormal frame but is finite in a group invariant frame; here the situation is the other way round. The root of this issue is the divergence of parallel propagated vectors as opposed to group invariant vectors that always occurs when there is a bifurcate Killing horizon [17] , which of course occurs in the Schwarzschild solution. Now it is true that if the density ρ has a finite value in one frame u a , one can always make it appear to diverge by a Lorentz transformation from the frame u a to a frame u ′a with velocity v that diverges to the speed of light (|v|/c → 1). The question is whether this is just a coordinate singularity, or should be regarded as a physical singularity. That depends on whether the frame u ′a can be regarded as physically meaningful or not. If it is for example the timelike eigenvector of the Ricci tensor, this would be a spacetime singularity; however that is not the case here. The static observer's frame is geometrically preferred because it is defined by the timelike symmetry; but as explained above, no object can move on those non-geodesic orbits when close enough to R = 2M , because that would take unbounded rocket engine power (because the acceleration of the static orbits diverges in this limit). This cannot happen for real physical objects, so in the end this is like a coordinate rather than physical singularity.
However this argument does not apply to tangentially moving particles in circular orbits. The key feature here is shown in Figure 3 : the energy density diverges for particles on circular orbits at fixed radius r as r → 3M . This is not directly due to the event horizon and coordinate singularity at r = 2M , as this occurs further out. There exist timelike circular geodesic orbits for 3M + ǫ for all ǫ > 0; they are geodesically complete orbits that represent possible particle motion, although they are unstable. If we consider releasing a particle at an inward angle α on such an orbit at r = 3M + ǫ 0 , for α = 0 one will have a circular orbit; for α = π/2, radial infall; by the existence and uniqueness theorems for geodesics, for small enough α, there will be a geodesic path that travels in as slowly as one cares through all values r = ǫ, 0 < ǫ < ǫ 0 , and the effective radiation energy density on that path will diverge as ǫ → 0. This will cause major heating that would indeed be experienced as a real firewall, and so will lead to release of γ-radiation. It will also cause refocussing of timelike geodesics, so if one released a cloud of particles on such orbits, their density would increase and diverge as a conjugate point is reached at a finite affine parameter distance; this non-linear feedback effect has the potential to create a scalar singularity where the energy density diverges and the particle paths end [18] . This then qualifies as a physical spacetime singularity. However, such a particle motion is not what occurs in realistic accretion situations: although this can occur in principle, the cosmic censor may prevent it happening in practice. What particles in real accretion disks do is that they spiral in until the last stable circular orbit at r = 6M and then they fall in almost radially, when nothing untoward occurs. They do not accumulate at r = 3M , and so do not experience this diverging energy density. The potential singularity due to the infalling CBR radiation is probably not realised in real astrophysical contexts.
Note that the very reason for the behaviour noted here is the infinite blueshift of infalling photons at the event horizon in the ZAMO frame, accentuated for Killing vector frames with a tangential velocity component. We have calculated the effect for the CBR, but it occurs for any infalling photons -originating in accretion disk around the black hole, incoming from the host galaxy and other galaxies. In these cases the effect may be non-negligible, see, e.g., Eq. (3.7).
It is clear that there are indeed potential classical firewall effects that occur for a black hole imbedded in such a radiation field. They may however be avoided in practice.
VI. CONCLUSIONS
We have examined consequences of the infinite blueshift of the Cosmic Background Radiation photons, measured in the ZAMO (static) frame at the horizon of a Schwarzschild black hole. With analytic calculations we investigated several aspects of the CBR interaction with black hole. We found that such effects have typically little importance for the astrophysical procesees. In particular, provided backreaction effects are not large, these photons do not form a physically important "firewall". Further work however needs to be done to check that non-linear backreaction effects, as discussed in the last section, do not win the day.
While we focused on the CBR field influence, the results can be easily used to evaluate the impact of other symmetric radiation field, e.g., averaged radiation flux from the stars forming a spherical galaxy with a supermassive black hole in its center.
